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2001112703 

nun iii ii ii ii i ii mi ii 



CnOCOE nOJIYHEHMil TPH<DTOPH£A A30TA 



H3o6peTeHHe othochtc* k o6;iacTH HeopraHHHecKoft xhmhh, b qacTHOcra k 
cnoco6y nojiyneHHfl TpH<})TopHZia a30Ta. 

TpH(J)TopHa a30Ta Haxo^HT uiHpoKoe npHMeHeHHe b TexHOJiorrtax ncuiynpo- 
Bo^HHKOBbix MaTepnajioB, BbicoKoaHepreTHHecKHx jia3epoB h XHMHMecKoro ra3o- 
(J>a3Horo ocaaczjemw. B OTJiHHHe ot 3JieM chtho ro (Jyropa ero Jienco TpaHcnopTH- 

pOBaTb B KOHaeHCHpOBaHHOM BH^e npH ^aBJieHHH £0 75 KTC/CM 2 H nJTOTHOCTH 

ynaKOBKH jxo 600 r/ji/J. Fluor. Chem., 1991, 54, .Nbl-3, p. 37/. 

B ocHOBy npoMbiuuieHHbix TexHOJiorHH nojiyMeHH* TpmJrropH^a a30Ta no 
jio>KeHbi Mero^bi 3JieKTpojiH3a pacruiaBa rnzipo4)TopHaoB aMMOHHH h npHMoro 

4>TOpHpOBaHH5I aMMHaKa 3JieMCHTHbIM (J)TOpOM. 

HaH6ojiee 0Tpa6oTaHHbiM npoMbiiujieHHbiM mcto^om cHHTe3a TpH<J>Topiizja 

a30Ta 5IBJI5ieTC5I 3JieKTpOXHMHHeCKHH CHHTC3 NF 3 H3 rHapo4>TOpiiaOB aMMOHHfl 

Gmelin Handbook, 1986, v. 4, p. 172-173, Py kob o^ctb o no HeopraHHHecKOMy 
CHHTeay, M., 1985, c. 220-221/. 

OrrrHMajibHbiMH TexHOJiorHHecKHMH napaMeTpaMH npouecca 3JieicrpoxHMH- 
necKoro CHHTe3a NF 3 hbjwiotch TeMnepaTypa 100-130 °C, cocraB pacnjiaBa, coot- 
BercTByiomHH coothoiuchhio NH4F : HF = 1 : (1,1 * 1,8), ruiOTHOCTb TOKa ot 0,05 
no 0,15 A/cm 2 . Bmxoa TpH<J)TOpnaa a30Ta no TOKy cocTaBJiaeT 70 %. 

K He^ocTaTKaM MeTo^a 3JieKTpoxHMHqecKoro CHHTe3a NF 3 cjieziyer othccth 
B3pbiBoonacHOCTb npoqecca H3-3a o6pa30BaH*w CMecH TpHcJrropHaa a3ora c bo,zio- 
po^OM, Hcnojib30BaHHe ra30o6pa3Horo aMMHaxa Ha CTa^HH noJiyneHH* ruapo- 
4>TopHmoB aMMOHFW. KpoMe Toro, peajm3amM 3Toro npoqecca rpe6yer 6ojilujhx 

(J)HHaHCOBbIX 3aTpaT H3-3a HCnOJIb30BaHH^ ^OporOCTOHIlIHX HHKeJIbCOflep>KamHX 
KOHCTpyKUHOHHblX MaTepHaJIOB, HaH60Jiee VCTOHHHBblX B KOpp03HOHHO-aKTHBHOH 

cpezie pacnjiaBOB rvmpo<J)TopHiioB aMMOHJW. 
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/],JW CHH)KeHH5I B3pbIBOOnaCHOCTH CMeceH TpH(J)TOpHZia a3OTa C BOflOpO^OM 

npetfJioaceH cnoco6 3JieicrpoxHMHHecKoro CHHTe^a, npe^ycMaTpHBaiomHH pa36aB- 
jieHHe aHoaHoro ra3a a3crroM no KOHueHTpaimn NF 3 MeHee 9,5 % /US 3235474, 



BeHHo yBenHHHBaeT 3aTpaTbi Ha o6opyaoBaHne zjjui 04hctkh h KOfmcHcaixHH 
TpH(J)Topiiaa a3ara. 

H3 jiHTepaTypw H3BecTHo, hto b KanecTBe Hcxo^Horo cbipba juw nojiyneHiw 
TpH(})TopPizia a30Ta Mero^oM 3JieKTpoxHMHMecKoro (JxropHpoBaHiw Moryr 6biTb 
Hcnojn>30BaHbi pacTBopbi MoneBHHbi h npymx a30TC0AepacamHX coeaHHeHHfi - 
nHpnaHHa, rnnpa3H h a, ryaHHAHHa, ceMHKap6a3H^a b 6e3BOflHOM (JrropHCTOM bo 
aopo^e (Z. anogr. allgem. Chem, 1969, v. 367, p. 62-79). TpH^TOpH^ a30Ta no 
ZjaHHOMy cnoco6y nojiynaioT c Bbixo^oM ot 16 ao 38 %. 

Xhmh3M npoqecca 3jiekTpoxHMH*iecKoro 4>TopHpoBaHHH MoneBHHbi onncbi- 
Baercfl cjieayromHMH ypaBHCHRHMH: 



riojiyHeHHbifi 3JieKTpojin3HbiH ra3 nocjie mejioqHOH ohhctkh ot KHCJibix 
npHMeceft C0 2 h COF 2 coaep^caji #o 10 % CF 4 . npH 4>TopHpoBaHHH nnpHZXHHa 
coxiepacaHHe CF 4 flocrarajio 34 % ot o6i>eMa nojiynaeMoro Tpn<})Topima a3CTa. 

3TO o6cTOHTeJIbCTBO 3HaHHTCJIbHO yCJIO^CHHeT OHHCTKy NF 3 B CBH3H C TpyAHO- 

cTbio ero oxaejieHH* ot Terpa<J)TopH£a yrjiepoaa. KaK cjie^yeT H3 xhmh3ms npo- 
qecca, OTpa>KeHHoro ypaBHeHHJiMH 1 h2, Ha Ka>K#biH mojib NF 3 b npouecce 3JieK- 
TpoxHMHHecKoro (J)TOpHpoBaHH^ cyMMapHO o6pa3yeTca, no MeHbinen Mepe (npn 
100 %-hom Bbixoae NF 3 ) 0,5 mojw Taicnx npHMeceft KaK C0 2 , COF 2 h CF 4 . Eojn>- 
uioe kojihhcctbo npHMeceft b cbipue TpH<J)TopHjia a30Ta h najamne Bo^opo^a b ra- 
3ax 3JieKTpojm3a npHBo/urr k yziopOKaHHho npouecca ohhctkh ra3a ot npHMeceft 
h Heo6xozmMOCTH npHRjiTHii Mep no o6ecneqeHHio B3pbmo5e3onacHOCTH npouec- 
ca. 



204-63, 15.02.66/. OxiHaKO pa36aBJieHHe a30T0M npoayioiHOHHoro ra3a cymecT- 



NH 2 CONH 2 + 12 F 2NF 3 + COF 2 + 4 HF 



(1) 



2 NH 2 CONH 2 + 24 F -> 4 NF 3 + C0 2 + CF 4 + 8 HF 



(2) 




flpyrHM H3BCCTHMM HanpaBJieHHeM nojiyqeHH* TpncJrropFtaa a30Ta hbjwctch 
npflMoe 4>TopHpoBaHHe aMMHaKa 3JieMeHTHbiM (JrropoM no peaxuHH: 

4 NH 3 + 3 F 2 -> NF 3 + 3 NH4F 

Chhtc3 rpHcJrropiiaa a30Ta npMMbiM (J)TopHpoBaHHeM aMMHaKa 3JieMCHTHbiM 
<J)TopoM b ra30B0H 4>a3e npH MOJibHbix cooTHomeHRax NH 3 : F 2 = (l,l+2,0) : 1 
no3BOJweT nojiyHHTb uejieBoft npo^yicr c BbixozioM no (Jxropy ot 10 25 % 
/J. Amer. Chem. Soc, 1960, 82, 5301/. Hh3khh Bbixo^ TpH<jyropnzia a30Ta o6y- 
cjioBJieH c^o^cHocTbio peryjinpoBaHHfl TeMneparypbi peaKUHH, a TaioKe B3aHMO- 
aeficTBHeM NF 3 jih6o npoMe^cyroHHbix npo^iyicroB ero CHHTe3a c aMMHaxoM c 06- 

pa30BaHHCM a30Ta H 4>TOpHCTOrO BOZIOpO^a. KpOMe TOH3, B03HHKaiOT CJIOHCHOCTH 

c pa3^ejieHHeM ra3a ot o6pa3yiomMXCH B03roHOB 4)Top*moB emmohhm. 

C UeJTbK) nOBblUieHPW 3({>4)eKTHBHOCTH OXJia>K£eHHfl peaKUHOHHOM CMeCH H 

noBbiuieHHH Bbixoaa TpHcJrropnaa a30Ta npe^jioaceH cnoco6 (jyropHpoBaHH* aM- 
MHaKa b npHcyrcTBHH reKca^TopH^a cepw, reKca(j)Top3TaHa hjih TeTpa(JrropMeTa- 
Ha /JP 2-255513, C01B 21/083, 16.10.90/. 

IlpH moju>hom cooTHouieHHH ra3a-pa36aBHTejra k aMMHaicy (5-rl00) : 1 h 
4>Topa k aMMHaicy (3 -=-20) : 1, TeMnepaType b peaicrope ot 80 £0 250 °C Bbixoa 
NF 3 cocTaBHJi ot 30 no 59,5 %. MaKCHMajibHbiH Bbixoa TpHcJrropnaa a30Ta 6biJi 
jxogth rHy t npH MOJibHOM cooTHouieHHH NF 3 : SF 6 paBHOM 4 : 100. Pe3yjn>TaTbi, 
npHBe^eHHbie b naTeHTe, cBHmeTejibCTByioT 0 tom, hto co^epacaHHe uejieBoro 
npo,ziyKTa b a6ra3ax He ^ojdkho npeBbiinaTb 1-2 %o6., cjie^osaTejibHO kohuch- 
TpnpoBaHHe ero no 99 %-Horo Hapaoy c pereHepaunefi ra3a-pa36aBHTejw noTpe- 
6yeT 3HaqHTejibHbix 3aTpaT. 

KpoMe Toro, OT^eneHHe BO3r0HOB (njiaBa) riiapocJyropHaoB aMMOHKH ot pa3- 
6aBJieHHbix ra30B TexHHHecKH cjioacHaa onepamw. B cb*3H c 3thm bo3mo>khocth 
peajunauHH 3Toro cnoco6a b npoMbiuuieHHOCTH HeBbicoKH. 

C qejibK) npeo^ojieHHH BbiujeyKa3aHHbix He^ocTaTKOB aBTopaMH naTeHTOB 
US 4091081, COIB 21/52, 23.05.78 h US 5637285, C01B 21/06, 10.06.97 6bijm 
npe/iJio>KeHbi cnoco6bi nojiyneHKH TpHcJxropH^a a30Ta (JyropHpOBaHHeM 3JieMeHT- 



HbiM (J)TopoM aMMHaica, pacTBopeHHoro b njiaBe rHiipocJrropHZiOB aMMOHFW, npH 
TeMnepaType npouecca ot 93 no 209 °C h MOJibHOM cooTHomeHHH NH 3 : HF co- 
oTBercTBeHHO paBHOM 1 : (2,0 + 2,5) h 1 : (2,55 + 2,85). 

FIpoBe^eHHe cHHTC3a TpH^Topttaa a30Ta b jKHJIKoPl (J)a3e pacniiaBa rnapo- 
4>TopnaoB aMMOHHH cnoco6HO o6ecneqMTb 3<JxJ>cktmb hmh otboa Tenjia 3K30Tep- 
MHMecKOH peaKUHH h, b ochobhom, peuiHTb npo6neMy OT/jejieHna rH^pocJrroppwoB 
aMMOHKJi ot qejieBoro npoayicra. 

O/waKo npoMbiiujieHHaH peajiH3aixHM 3thx npoueccoB noTpe6yeT CTpoacaft- 

U1HX Mep B3pbIB06e30naCHOCTH B CBH3H C HCIlO JTb30BaH HCM B TeXHOJIO THH aMMHa- 

Ka h 3JieMCHTHoro (j>Topa. KpoMe Toro, npH ^ocraTOHHO bwcokhx Bbixojgax TpHc|>- 
Topiiaa a30Ta (65 %) pacxoa (J)Topcoaep>Kamero cbipbH HeonpaB^aHHO Bejmie, Tax 
KaK 6ojiee 60 % 4>Topa, Hcnojn>3yeMoro b TexHOJiorHH, npeBpamaercfl b rnnpo- 

(J)TOpHZlbI aMMOHHfl, pereHepaJUHi! (|)TOpHCTOrO BOaOpO,aa H3 KOTOpblX aOCTaTOHHO 
CJlOKHa. 

rio coBOKynHOCTH cymecTByiomHX npH3HaKOB HaH6onee 6jm3KHM k npe,zyia- 
raeMOMy cnoco6y flBJiaeTCfl MeTo# nojiyneH (JrropnzioB a30Ta nyreM npHMoro 

4>TOpHpOBaHH5I 3JieMCHTHbIM (J)TOpOM npOH3BOAHbIX SMMHaKa, COAepflCamHX a30T- 

Bo^opo^Hbie cb«3H, TaKHX KaK aMHjjbi mejioHHbix MerajuiOB, MoueBHHa, 6HypeT, 
cyjn><|>aMHa, <J>opMaMHa, nmpa3HH, 3THJienaHaMHH, MeJiaMHH npH TeMnepaType 0- 
300 °C b npHcyrcTBHH KaTajiH3aTopa - 4>TopH,aa MeTajuia, o6pa3yK>mero KHCJiyio 
cojib c HF /US 3961024, C01B 21/52, 01.06.76/. TaK, HanpHMep, npH 4nopHpoBa- 
HHH 50 %-HbIX CMecefi MOHeBHHbl C 4>TOpH£OM hjih rH£po4rropH£OM HaTpRH ra30- 
boh CMecbio, coaepacamefi 50 %o6. F2, nojiyneH ra3 cocTaBa: 10-17 %o6. NF 3 h 
3-13 %o6. N2F4. Hapsmy c (JyropnaaMH a30Ta npoayKHHOHHbifi ra3 coziepacaji 
npHMCCH COF 2 , C0 2 , CF 4 , N 2 0, h NO3F. OropHpoBaHHe CMecefi 6HypeTa c (Jrro- 

pH^OM JIHTHJI HJIH rH^pOcfxropHZlOM HaTpRH (1 \ 1 ), pa36aBJieHHbIM 3JieMCHTHbIM 

(})TopOM npHBO^HT k o6pa30BaHHK) ra3a c coflepacaHHeM NF 3 6-47 %o6. h N 2 F 4 
2,6-26 %o6. 

H eno CTaTKa m h H3BecTHoro cnoco6a hbjwiotch HH3Kaa ceJieKTHBHocTb npo- 
uecca nojiYMeHRfl Tpncjrropmia a30Ta H3-3a o6pa30BaHRH TeTpa4)ToprH t apa3HHa, a 
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Taioice Hcno;ib30BaHne 6ojibuioro KOJiHHecTBa (100-400%) KaTajiH3aTopa, koto- 
pbift Heo6xo,miMO pereHepHpoBaTb. 

KpOMe Toro, npH yBejnmeHHH o6t>€mob peajeropoB b 3K30TepMHqecKHX npo- 
ueccax chctcm «ra3-TBep,aoe» B03HHKaioT Tpy^HocTH c oxjia>jyjeHHeM, a neperpeB 
TBep^brx CMeceft npHBO,HHT k cneKaHHio peareHTOB c nociieayioinHM HenporH03H- 
pyeMbiM yMeHbiueHHeM ckopocth npouecca (JrropHpoBaHHfl, a TaioKe BbmejieHHio 
H36brroHHoro aMMHaKa, o6pa3yiomero B3pbiBoonacHbie CMecH co (JrropoM. 

3a^aneH H3o6pereHHfl flBJweTCfl co3^aHHe B3pbiBo6e3onacHoro npouecca 
cHHTe3a TpH<$)TopH£a a30Ta h noBbiiueHHe cejieKTHBHOCTH npoqecca. 

F[ocTaBJieHHa5i zanana flocTHraercfl nyTeM npHMoro (|)TopHpoBaHHfl 3JieMeHT- 
HbiM (J)TopoM CMeceft (pacTBopoB hjth cycneH3Htt) a30Tco^ep^camHX coeaHHeHHfi 
c 6e3BO,ziHbiM (|)TopHCTbiM BO/iopo^oM b ycjioBHJix, o6ecneMHBaiomHX CeJieKTHB- 
HocTb CHHTe3a TpH^Topnaa a30Ta. 

A30Tco^ep^camHe coeziHHeHHH Bbi6paHbi H3 rpynnbi, BKJUonaiomeH mohcbh- 
Hy h npo^yKTbi ee pa3Jio>KeHHJi, TaKHC KaK Gnyper, UHaHypoBaa KHCJiOTa, aMMe- 
jiha MejiaMHH, (f)opMaMHA. npe^noHTHTejibHO Hcnoiib30BaTb jijvi CHHTe3a Mone- 
BHHy KaK 6ojiee zieiueBoe h ^ocTynHoe cbipbe, y#o6Hoe b o6pameHHH. 

B 3tom cjiynae c e jickthb HocTb cHHTe3a TpHcJrropmxa a30Ta b 3aaBjmeMOM 
cnoco6e o6ecne*iHBaeTC5i ycJioBHSMH npeHMymecTBeHHoro n poTeKaHH5i peaKiiHH 

(J>TOpHpOBaHHH, OnHCblBaeMMX CJie^ayiOLUHMH XHMH4CCKHMH ypaBHeHHAMH: 

2 CO(NH 2 ) 2 + 3 F 2 -> NF 3 + NH 2 CONHCONH 2 + 3 HF (3) 

3 COCNH^ + 9 F 2 -> 3 NF 3 + C3N3O3H3 + 9 HF (4) 

4CO(NH 2 ) 2 + 12 F 2 -> 4NF 3 + C 3 N 4 0 2 H 4 + C0 2 + 12 HF (5) 

npH He3HaHHTejibHOM npoTeKaHHH peaKUHH 1 h 2, npHBe^eHHbix paHee. 

npouecc (})TopHpoBaHHM ocymecTBJiHioT b HaqajibHOM nepnozie npH reMne- 
paType ot -20 no -10 °C h pacxo^e 3JieMeHTHoro d>Topa, cooTBercTByiomero 
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MOJlbHOMy OTHOUieHHK) K HCXOAHbIM COC^MHCHH5IM He Goiiee 0 ? 5. npH 3TOM C03- 
aaK)TC5l yCJTOBHil £JI5I npOTGKciHRH CJieflyK>mHX peaKLtHH! 



oGecneHHBaiomHX npaicTHqecKH nojiHoe yaajieHHe cjie^oB BO,abi, a TaiOKe 3HaMH- 
TejibHOH qacTH TaKHX npHMeceft, KaK NO, C0 2 , CF 4 , N 2 0. 

FIpH TeMnepaType (JrropHpoBaHHii hh>kc - 20 °C HaqHHaeTCH KpHCTajum3auHfl 
Hexo^Hbfx coe^HHeHHH, a npH TeMnepaType Bbiuie - 10 °C B03pacTaioT noTepH 
(JrropiinoB a30Ta c a6ra3aMH. YBejiHHeHHe MOJibHoro OTHOiueHHM (fyropa k hcxo#- 
hwm coeaHHeHHflM 6ojiee 0,5 b HaqajibHbiH nepHO^ npHBO^HT k noTepaM 4>TopH- 
^OB a30Ta c a6ra3aMH h chh^kchhk) Bbixozia roTOBoro npo^yicra. 

ripoqecc 4>TOpHpoBaHHH b onHcaHHbix Bbiuie ycjioBmrx npoBcwrr ao noflB- 
JieHHH b a6ra3ax cjieaoB TpH^TopHjia a30Ta. 3aTeM, nocjie o6pa30BaHHfl TpHcfrro- 
pujxa a30Ta, ^ajibHeftuiee (JxropHpoBaHHe ocymecTBJunoT npH TeMnepaType ot - 1 5 
#o 0 °C h pacxoae cjyropa, cooTBercTByiomeM MOJlbHOMy oTHouieHHK) k hcxoahmm 
coe^HHeHiMM He 6ojiee 3,0. 

ripn yBeJiHMeHHH pacxoaa (Jyropa 5ojiee 3 MOJiefi Ha 1 MOJib HcxoOTbix co- 
e^HHeHMH pe3KO B03paeTaeT b totobom npozryxre KOHqeHTpamra TaKHX npHMe- 
cefi, KaK C0 2 , COF 2 h CF 4 . rioBbiuieHHe TeMnepaTypbi 4>TopHpoBaHH5i Bbnue 0 °C 
npHBcyjHT k npeHMymecTBeHHOMy npOTeicaHHK) peaKUHH 1 h 2 h cHH^ceHHio ce- 
neKTHBHocTH npouecca. 

J\JVI (|)TOpHpOBaHKS[ HCnOJIb3VeTCfl 3JieMeHTHbIH (J)TOp c KOHiieHTpauHeft He 

MeHee 50 %Macc, HanGojiee uejiecoo6pa3HO Hcnojib30BaTb 3JieMeHTHbiH <f)Top c 
KOHueHTpauHefl 90-98 %Macc. 

Conep>KaHHe Hcxozworo npoayicra b CMecH c 6e3B<wibiM (frropHCTbiM kow- 

pO^OM COCTaBJlfleT ot 20 jxo 50 %Macc. npH co/xepacaHHH HCXOtfHbFX COe^HHeHHH 
b CMecH MeHee 20 % 3HaMHTe.ibHO CHH^Kaercfl cxopocTb (frropHpOBaHHfl. B to >Ke 

BpeMH. npH HCnOJIb30BaHHH CMeceH UCXOJXHblX COe^HHeHHH C 6e3BO^HbrM (J)TOpH- 



CO(NH 2 ) 2 + 2F 2 CO(NH 2 )(NF 2 ) + 2 HF 



(6) 



CO(NH 2 )(NF 2 ) + H 2 Q + HF -> C0 2 + NF 2 H + NH4F, 



(7) 
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TbIM BO/lOpOAOM C KOHLieHTpaUHeH 6oJieC 50 0/ 0 paCTBOpbl HaHHHaiOT KpHCTajIJIH- 

30BaTbca h co3flaioT TexHOJiorHHecKHe rpyzjHOCTH b npouecce CHHTe3a. 

llpoqecc 4>TopHpoBaHHH npOTeKaeT npH aaBJieHHH ot MHHyc 0,7 ro 

1,7 Krc/CM 2 . FIpH 60jTblUeM ^aBJieHHH CKOpOCTb 4)TOpHpOBaHH5! CHFDKaerCM . 

ChHT63 TpH(})TOpHJ3a a30Ta MO>KCT 6bITb OCymeCTBJieH KaK B HacaaOHHOH KO- 

jioHHe, Tax h b KOJioHHe c pacnbijieHHeM ^khukocth, jih6o b peaicrope 6ap6oTa:>K- 
Horo THna. HanGojiee npocxoe annapaTypHoe oc})opMJieHHe npouecca (JrropHpoBa- 
hh* BKjnoqaer cmkocthoh peaicrop, cHa6^ceHHbiH oxjia^icaaiomHMH 3JieMeHTaMH. 
B peaicrop 3arpy^caioT pacTBop MoneBHHbi huh apyroro ncxoflHoro coe^HHeHHfl b 
6e3BoaHOM 4>TopHCTOM Bo/jopo/je h no cn4>oHy noziaioT 3JieMeHTHbiH (Jyrop. Pery- 
jmpoBaHHe TeMnepaTypw pacTBOpa h otboa Tenna peaKUHH ocymecTBJiaioT c no 
Mombio paccojia - 40 U C, no/iaBaeMoro b oxjiaacaaioiUHe 3JieMeHTbi. 

ripoziyKTbi peaio^HH (JxropHpoBaHH^ He o6pa3yioT ycTOH^HBbix coe^HHeHHH c 
6e3Bo#HbiM (J)TopHCTbiM Bn/topozioM, no3TOMy pereHepamifl nocjie^Hero cbo^htc5i 
k OTroHKe npH TeMnepaType j\o 1 50 °C c Bbixo^oM jio 90 % no HF. 

nojiyneHHyio ra30Byio CMecb, co^epacamyio b KanecTBe ocHOBHbix npHMecen 
N 2 , F 2 , NO, N 2 F 2 , C0 2 , COF 2 , N 2 0 h CF 4 nponycicaiOT nepe3 o6paTHbifi xojio- 
AHJibHHK, oxjia^giaeMbiH paccojioM -40 °C, h no^BepraioT mejioHHOH ohhctkc 
pacTBopaMH KOH hjih K 2 C0 3 ot H36biToqHoro 4>Topa H ^pyrnx OKHCJiHTejieH. 
^ajibHeHman OHHCTKa ra3a ocymecTBJiaeTCJi cop6qHOHHbiMH MeroaaMH no nojiy- 
mchhh KonaeHCHpoBaHHoro TpH(})TopHaa a30Ta c coaepacaHHeM 98,0-99,0 %Macc 
NF 3 . 

OnpcaejieHHe cocTaBa ra30o6pa3Hbix npo^yicroB 4>TopHpoBaHHfl npoBo^HT c 
Hcnoju>30BaHHCM XHMHHecKoro, noTeHUHOMCTpHHecicoro, xpoMaTorpa(|)HHecKoro 
h cneiopajibHoro MeTO^OB aHajm3a. 

TaKHM o6pa30M, pa3pa6oTaH B3pbiBo6c3onacHbiH cnoco6 nojiyneHHfl TpH(})- 
xopnaa a30Ta npflMbiM (JxropHpoBaHHeM MoneBHHbi hjih npoayicroB ee pa3Jiotfce- 

HH5I. CnOC06 n03BOJlHCT nOJTVHaTb npOA>KT C MaKCHMaJIbHbIM co/iep>KaHHeM 

TpHcjyropnaa a30Ta h MHHHMajibHOH KOHueHTpauneH npHMecen, c Bbixo,aoM no 
90 %. MarKHe vciobh* 4)TopHpoBaHRH ziaioT B03MO>KHocTb ynpocTHTb annapa- 




rypHoe o4>opMJieHHe npouecca h ztocTHHb Bbicoicoft CTeneHH Hcnojib30BaHHa 
4)TOpco,aep^camero cbipbfl. 



HH^cecjie^yiomMe npHMepw MJunocTpHpyioT npe/uiaraeMoe H3o6peTeHHe, ho 
He orpaHH^HBaioT ero. 
FIpHMep 1. 

fljw CHHTe3a Hcnoju>3yioT MeTajuiHqecKHH peaicrop eMKOCTbio 60 ji, cHa6- 
yKCHHbiH py6auiKoft oxjia>K^eHH^, TepMonapoft, 6ap6oTa>KHbiM ycrpoHCTBOM b bh- 
jxq cH(J>oHa mix nonsiHH ra30o6pa3Horo (J)Topa, o6paTHbiM xojio^HJibHHKOM, oxjia- 
HC/iaeMbiM paccojioM c TeMnepaTypofl - 35 °C, am uckjuohchhsi BbiHoca h noTepb 
4>TopHCToro BOflopo^a H3 peaicropa, TexHOJiorH^ecKHMH uiTyqepaMH rjvi 3arpy3KH 

H BbIipy3KH npOZiyKTOB, flaTHHKOM ZiaBJieHHH. 

B oxjia^eHHbift peaicrop nocjie^oBaTejibHO 3arpy^caK)T 20 kt momcbmhw h 
32 kt 6e3BO£Horo (JvropHCToro BOflopoaa. nojryqeHHbiH pacTBop MoneBHHbi b 6e3- 
bo^hom 4>TopHCTOM Boaopozie oxjia^KaaioT jxo TeMnepaTypbi - 20 °C h no^aioT ra- 
30o6pa3Hbift (Jyrop (98 %o6.) co CKopocTbio. o6ecneqHBaiomefi eo^epacaHHe okhc- 
jiHTejieH b nepepacnere Ha F 2 b a6ra3ax (JrropHpoBaHiw He 6ojiee 0,5 %. Co#ep- 
>KaHHe oKHCJiHTejieH onpe^ejiflioT HOflOMeTpHHecKHM MeTOflOM. riepBOHanajibHo 
o6-beM nponymeHHoro (Jxropa, npn kotopom b a6ra3ax noflBJweTCH NF 3 cocTaBJin- 
er 3 m 3 , mto cooTBercTByer MOJibHOMy oTHomeHHio F 2 : CO(NH 2 )2, paBHOM 0,4. 
Bbixo/mmyio H3 peaicropa ra30Byio CMecb, KOTopaa co£ep>KHT b ochobhom npH- 
MecH (CF 4 - 5,6 %o6., C0 2 - 12,1 %o6., COF 2 - 10,3 %o6., N 2 F 2 h NF 2 H 
0,2 %o6., N 2 0 -11,2 %o6., oKHCJWTejiH - 0,4 %o6.) h 0,7 %o6. NF 3 oxjiaacaaioT 

B o6paTHOM XOJlO^HJIbHHKe H CJjyBaiOT Hepe3 KOJIOHHy C H3BeCTKOBbIM norjiOTH- 

TejieM. 

Flocjie noMBJieHHM b a6ra3ax TpH<{>TopHzia a30Ta 4>TopHpoBaHHe ocymecTB- 
JiHfOT npH TeMnepaType - 5 °C, no;jaBa» ra3oo6pa3HbiH (})Top co CKopocTbio, o6ec- 
neMHBaioiueH co/iepacaHHe OKHCJiHTejieH b nepecHere Ha F 2 b a6ra3ax (JrropHpOBa- 
HHfl He 6o;iee 3,0 %. 

BbixoiiHiuyio H3 peaicropa ra30BVK) CMecb oxjia^caaioT b o6paTHOM xojio- 
^HJibHHKe h c noMombK) KOMnpeccopa 3aKa*mBaKvr b pecHBep eMKOCTbio 1 m 3 . 




FlojiyHeHHaa ra30Baa CMecb HMecT cjie^yioiyHH cocraB, %o6.: NF 3 - 86,2; CF 4 - 
0,7; C0 2 h COF 2 - 4,3; N 2 F 2 - 0,2; N 2 0 - 2,7, cyMMa oKHCJiHTejiefi 1,5. 

KojMHecTBO H3pacxo^oBaHHoro <})Topa cocTaBJineT 3,8 m 3 , hto cooTBeTCTBy- 
eT mo Jib ho My OTHOiueHHio F 2 : CO(NH2) 2 paBHOM 0,5. ,E(ajibHeHiiiyio oqHCTKy NF 3 
ocymecTBJWioT cop6uHOHHbrMH Mero^aMH ^jw noJiyneHH* KOH^eHCHpoBaHHoro 
TpH^Topnna a30Ta c coaep^caHHeM ocHOBHoro BemecTBa 99,0 %o6. 

Bbixo# TpH(|)Topnzia aiOTa. onpe/jejieHHMH no cooTHOiueHHio o6i>eMHoro ko- 
jraqecTBa nojiyneHHoro b pecHBepe TpHcJrropiizia a30Ta k o^hoh TpeTH oS-beMa, 3a- 
TpaqeHHoro b npoqecce ra30o6pa3Horo (Jrropa, cocTaBJiflerr 94,9 %. 

riocjie^yiomHe cHHTe3bi (npHMepbi 2-7) npoBe^eHbi aHajiorHMHO npHMepy 1. 
Ycjiobhji npoBeaeHPW h nojiyqeHHbie pe3yjn>TaTbi npeacTaBJieHbi b Ta6miue. 
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cpOPMYJIA H30EPETEHH5I 



1 1 



1 . Cnoco6 nojiy^eHHM TpHcJxropHaa a30Ta (JrropHpoBaHHeM a30Tco^ep>Ka- 

II|HX COe^HHeHHH 3JlCMCHTHbIM (J)TOpOM, OTJTHMaK)IHHHC5I TeM. HTO (jyrOpHpOBaHHe 

ocymecTBJWfOT b 6e3BO£HOM (JrropHCTOM BOAopo^e npH reMnepaType ot - 20 jio 
0 °C h MonbHOM oTHouieHHH (Jrropa k HCXo^HbiM coe^HHeHHAM He 6ojiee 3. 

2. Cnoco6 no n. 1, oTJiMHaioinHHCfl Te\f, hto KOHqeHTpauH* hcxo^hmx co- 
e^HHCHHH b 6e3BOflHOM (J)TopHCTOM BO#opo,zje COCTaBJWeT 20-50 %Macc. 

3. Cnoco6 no n. 1, oTJiHHaiomHHCfl TeM, mto b Hanajie (JxropHpoBaHHe npo- 
sojifiT npe^noHTHTe/ibHo npH TeMnepaType ot - 20 £o - 1 0 °C h mo jibhom otho- 
uichhh 4>TOpa k Hcxo^HbiM coe^HHeHtWM He 6ojiee 0,5 ao MOMeHTa noaBJieHHfl b 
a6ra3ax (JyropHpoBaHHfl TpHcfrropH^a a30Ta. 

4. Cnoco6 no n. 3, otjih HaiomHHCfl TeM, hto nocne nojiBJieHHJi b a6ra3ax 
4>TopHpoBaHH^ TpH(})TopHma a30Ta npoijecc ocymecTBJiaioT npe#noHTHTejn>HO b 
HHTepBaue TeMnepaTyp ot - 15 ro 0 °C. 

5. CnocoG no n. 1 ? oTJiHHaioiUHHCfl TeM, hto a30Tco#ep>KaiUHe coe^HHeHHH 
BbiGpaHbi H3 rpynnbi, b KJUonaioineH MoneBHHy h npo/jyicrbi ee pa3Jio^ceHH5i. 



PEOEPAT 



H3o6peTeHHe othochtca k HOBOMy cnocoGy nojiyneHHfl TpH(|rropH/ia a30Ta, 

KOTOpblH HaXO^HT LLIHpOKOe npHMCHCHHC B TeXHOJIOrRHX nOJiynpOBO/JHHKOBblX 

MaTepHajioB, BbicoKODHepreTHnecKHX ;ia3epoB h xhmhhcckofo ra30<})a3Horo oca- 
TpHcJrroptm a30Ta nojiynaioT (JrropHpoBaHHeM MoqeBHHbi hjih npo^yKTOB ee 

pa3JTO>KeHH5I 3JieMeHTHbIM (|)TOpOM B 6e3BOZlHOM (|)TOpHCTOM BC^OpO/ie npH TCM- 

nepaType ot - 20 0 °C h MOJibHOM othoiuchmh 4>Topa k HcxoflHbiM cocaHHeHH- 

*M He 60Jiee 3. KoHLjeHTpaiJHfl HCXCXAHbFX COe^HHeHHH B 6e3BO,ZJHOM (|)TOpHCTOM 

Bo^opo^ae cocTaBJiaeT 20-50 %Macc. 

Pa3pa6oTaHHbiH cnoco6 B3pbiBo6e3onaceH h no3BOJi5ieT nonyqaTb npcztyKT c 

MaKCHMaJIbHbIM COAep^KaHHeM TpH(|)TOpHaa a30Ta H MHHHMaJIbHOH KOHUCHTpaqH- 

eft npHMeceft c BbixoflOM ao 90 %. 



4 3.n. 4>-Jibi, 1 Ta6ji. 



